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Abstract The rapid increase in fentanyl overdose
deaths, particularly those also attributed to stimulants,
has led to concerns about unintentional fentanyl expo-
sure. Utilizing vital and medical record data, we identi-
fied overdose decedents from 2018 to 2021 in San Fran-
cisco who received care in the safety net system in the
3 years preceding death. Among 506 decedents, medical
record evidence of pre-mortem opioid use was present
for 48% of stimulant-only, 56% of stimulant-fentanyl,
65% of fentanyl-only, and 82% of non-fentanyl opioid
decedents (p<0.001). Among stimulant-fentanyl dece-
dents, an increase in 10 years of age (adjusted odds ratio
(aOR) 0.74 [95% CI:0.59-0.94]) and race other than
White or Black (aOR 0.36 [95% CI.0.15-0.87]) had
lower odds of evidence of pre-mortem opioid use. While
not conclusive, these findings raise the possibility that a
significant proportion of fentanyl overdose decedents in
San Francisco may have not intended to consume an opi-
oid on the occasion of their death.
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Introduction

The fourth wave of the overdose crisis includes
deaths driven by fentanyl and a surge in cases involv-
ing cocaine and methamphetamine [1]. The combina-
tion of fentanyl and stimulants accounts for the largest
plurality of deaths [2], raising several possibilities.
Co-use of stimulants and opioids is a longstand-
ing phenomenon, with, for example, 45% of cocaine
or heroin overdose deaths in New York City in the
1990s due to both drugs [3]. More recently, many
people who use fentanyl also use stimulants in order
to stay awake, complete daily activities, and remain
safe [4]. Thus, intentional fentanyl use may explain
the increase in stimulant-fentanyl mortality.

Fentanyl marketing characteristics are different from
other opioids. In the eastern USA and Canada, fentanyl
is often mixed with powder heroin, creating a complex
blend of street opioids [4]. In the western USA, heroin
is sold as black tar and rarely mixed with fentanyl [4].
Therefore, most people intending to use heroin in the
western USA are believed to be aware when they use
fentanyl because the appearance is distinct. However,
among persons intending to use stimulants, there have
been cases of unintentional fentanyl ingestion [5]. Some
investigators have suggested that fentanyl is added to
stimulants [6]; a drug checking study in British Colum-
bia found that 5.9% of drug samples presumed to be
methamphetamine contained fentanyl [7], a small pro-
portion but potentially enough to cause substantial
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mortality. Moreover, the appearance of fentanyl, similar
to that of methamphetamine or cocaine, could lead con-
sumers to mistake one product for another.

Based on anecdotal community reports, we assumed
that most stimulant-fentanyl decedents in San Fran-
cisco had intended to use an opioid. To explore this
assumption, we sought evidence of pre-mortem opioid
use from medical records. Prior research found 85% of
opioid overdose decedents to have medical record evi-
dence of problematic use [8], suggesting that such evi-
dence of pre-mortem opioid use may be a reasonable,
albeit imperfect, proxy for intentional opioid use at the
time of death. We expected to find the proportion of
fentanyl overdose decedents and other opioid decedents
with evidence of pre-mortem opioid use to be similar,
regardless of the involvement of stimulants.

Materials and Methods
Procedures

We utilized data collected by the San Francisco
Department of Public Health to evaluate drug over-
dose death. We included certified deaths from January
1, 2018 to November 4, 2021, attributed by the medi-
cal examiner to acute toxicity from cocaine, metham-
phetamine, fentanyl, or other opioids, excluding those
involving fentanyl with other opioids, as well as sui-
cides and homicides. Only cases that had received pri-
mary outpatient or acute inpatient medical care in the
safety net healthcare system in the 3 years preceding
death were included in the analysis, because medical
record data were not available for other decedents. We
reviewed 3 years of clinical records to increase sensi-
tivity, given that some persons may seek care intermit-
tently, without sacrificing too much specificity with
regard to recent opioid use. Staff collecting medical
record data were not aware of cause of death.

Measurements

Vital record data included demographics as deter-
mined by the medical examiner (i.e., age, sex, race,
and ethnicity), and causes of death. We categorized
causes of death as acute toxicity due to cocaine,
methamphetamine, fentanyl, or another opioid. After
initial review, we simplified the categories into stimu-
lants without opioids (stimulant-only), stimulants
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with fentanyl but not other opioids (stimulant-fen-
tanyl), fentanyl without stimulants or other opioids
(fentanyl-only), and other opioids without fentanyl
(non-fentanyl opioids). We also identified involve-
ment of benzodiazepines or alcohol in death.

Medical record data for decedents included race
when missing from vital records, as well as the fol-
lowing from the 3 years preceding death: (1) opi-
oid-related diagnosis; (2) mention of opioid use in a
provider note; (3) opioid prescription; and (4) opioid-
positive urine drug screen. These data were collected
by manual review and using the Epic search function
with the phrase: “fentanyl OR opioid OR opiate OR
heroin OR dilaudid OR hydrocodone OR oxycodone
OR tramadol OR methadone OR morphine OR vico-
din OR oxycontin OR percocet OR norco OR hydro-
morphone OR oxymorphone OR buprenorphine OR
codeine OR mscontin OR lortab OR kadian OR roxi-
codone OR opana OR suboxone.”

Our primary outcome was a binary composite out-
come of any evidence of opioid use, including opioid-
related diagnosis, provider note mention of opioids, opi-
oid prescription, or opioid-positive urine drug screen.

Statistical Analysis

We described the demographics of all decedents by
causal drugs, then restricted the sample to those with
primary outpatient or acute inpatient medical care in
the 3 years preceding death. We compared the outcome
(evidence of pre-mortem opioid use) by whether dece-
dents were included in the sample based on primary care
or only inpatient data. We also compared deaths due to
combinations of cocaine or methamphetamine to deter-
mine if the outcome was sufficiently similar to merge
those two substances into a single “stimulant” category.
Since age was skewed across measures, we presented
medians with interquartile ranges (IQRs) and compared
age across categories using Kruskal-Wallis tests. We
presented proportions for categorical variables and com-
pared them across categories using Pearson chi-square
tests and Fisher’s exact tests for expected cell counts less
than 5. We also presented the proportion of decedents
by demographic characteristics and causal drug category
for whom evidence of pre-mortem opioid use was found.

We conducted a multivariable logistic regression
analysis to determine demographic predictors of evi-
dence of pre-mortem opioid use among stimulant-
fentanyl deaths, as well as all fentanyl deaths. We
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rescaled age to an increase of 10 years in the regres-
sion analysis. Analysis was conducted using Stata
14.2. P-values <0.05 were considered statistically
significant. This analysis was determined exempt by
the University of California San Francisco Institu-
tional Review Board (IRB#21-35068).

Results
All Decedents

Of 1294 cases, 506 (39%) had received care in the
safety net system in the 3 years preceding death.
Decedents who had received care in the safety net
system were significantly different from others: they
were older, a larger proportion were female or Black/
African American, and smaller proportions were His-
panic/Latinx or White or died from fentanyl-only (see
Appendix Table 2 for additional details).

Decedents with Safety Net Care

Decedents who had received safety net primary care
(n=182, 36%) were older (54 vs 52 years old, p=0.04)
and died from different drugs compared to those who
had only received inpatient care (p<0.001). Slightly
less than half of stimulant-fentanyl and fentanyl-
only decedents, and approximately one-quarter of
stimulant-only and non-fentanyl opioids decedents,
had primary care data in the 3 years preceding death.
There was no difference between these groups in evi-
dence of pre-mortem opioid use (p=0.66). Evidence
of pre-mortem opioid use was also similar when com-
paring subcategories of deaths due to cocaine and
methamphetamine, thus those drugs were combined
as “stimulants” (see Appendix Table 3).

Among all decedents with safety net care, median
age was 53 (43-60) years, although fentanyl-only dece-
dents were significantly younger (fentanyl median age
40 [34-59] years, all others median age 53 [44-60]
years, p=0.013). Other demographic characteristics
were similar among drug categories (see Table 1). The
proportion of deaths involving benzodiazepines was
significantly lower among stimulant-only and stimu-
lant-fentanyl deaths, compared to fentanyl-only and
non-fentanyl opioid deaths; there was no difference
with regard to involvement of alcohol.

Among non-fentanyl opioid decedents, 82% had
evidence of pre-mortem opioid use, compared to 65%
among fentanyl-only decedents, 56% among stimu-
lant-fentanyl decedents, and 48% among stimulant-
only decedents (p<.001) (see Table 1 and Appendix
Tables 3 and 4). Among all fentanyl decedents, 57%
had evidence of pre-mortem opioid use. The mention
of opioid use in a note was the most sensitive marker
for pre-mortem evidence of opioid use. The mention
of opioid use in a note and the presence of an opioid-
related diagnosis both differed by drug category, in
the same direction as the composite outcome. There
were no significant differences by drug category for
opioid prescriptions or opioid-positive urine drug
screens.

Evidence of pre-mortem opioid use was significantly
different by age across drug categories (p<0.001; see
Appendix Table 6). Moreover, while evidence of pre-
mortem opioid use was more common among older
non-fentanyl opioid decedents, it was more common
among younger stimulant-fentanyl decedents.

On multivariate analysis among stimulant-fentanyl
decedents (see Appendix Table 7), older decedents had
lower odds of evidence of pre-mortem opioid use (aOR
for an increase of 10 years of age 0.74 [0.59-0.94],
p=0.013). In addition, stimulant-fentanyl decedents of
race other than White or Black had lower odds of evi-
dence of pre-mortem opioid use (aOR 0.36 [0.15-0.87],
p=0.023), compared to White decedents. Among stim-
ulant-fentanyl decedents with evidence of premortem
opioid use, the Other race category consisted of Asian
(46%), Native American (7%), and Other/Multiracial
(46%) decedents, with similar proportions among those
without evidence of opioid use. Benzodiazepines were
not included in the model because all decedents whose
death involved benzodiazepines also had evidence of
pre-mortem opioid use. Results of the multivariate anal-
ysis were unchanged when applied to all fentanyl deaths
(see Appendix Table 8)

Discussion

Among patients in a safety net healthcare system in
San Francisco, 82% of non-fentanyl opioid overdose
decedents had evidence of pre-mortem opioid use in
the 3 years preceding death, compared to only 57%
of fentanyl overdose decedents. This difference was
most pronounced among stimulant-fentanyl decedents.
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Table 1 Demographic characteristics and history of pre-mortem opioid use for decedents receiving safety net care in the 3 years pre-

ceding death, by causal substance (N=506)

Stimulant-only

Stimulant-fentanyl

Fentanyl-only (n=34)  Non-fentanyl opioids

(n=140) (n=220) (n=112)
n/median %/IQR  n/median %/IQR  n/median %/IQR  n/median %/IQR  p-value
Age
Median (IQR) 55 49-62 50 39-58 40 34-59 56 47-61 <.001
Sex 0.054
Female 29 21% 62 28% 5 15% 37 33%
Male 111 79% 158 72% 29 85% 75 67%
Race 0.19
White 64 46% 122 55% 23 68% 60 54%
Black 53 38% 70 32% 5 15% 35 31%
Other race 23 16% 28 13% 6 18% 17 15%
Ethnicity 0.072
Hispanic/Latinx 12 9% 34 15% 8 24% 13 12%
Not Hispanic/Latinx 128 91% 186 85% 26 76% 99 88%
Opioid clinical history in 3 years preceding death <0.001
Yes 67 48% 123 56% 22 65% 92 82%
No 73 52% 97 44% 12 35% 20 18%
Opioid -related diagnosis” <0.001
Yes 6 4% 35 16% 8 24% 50 45%
No 133 96% 185 84% 26 76% 62 55%
Opioid use in clinical note <0.001
Yes 17 12% 79 36% 15 44% 79 71%
No 123 88% 141 64% 19 56% 33 29%
Opioid prescription 0.094
Yes 35 25% 75 34% 13 38% 27 24%
No 105 75% 145 66% 21 62% 85 76%
Opioid-positive urine drug screen 0.086
Yes 41 29% 61 28% 8 24% 45 40%
No 99 71% 159 72% 26 76% 67 60%
Other substances involved in death
Benzodiazepines 0 0% 7 3% 4 12% 11 10% <0.001
Alcohol 9 6% 30 14% 7 21% 12 11% 0.052

* . .
1 missing value

These findings conflict with our a priori assumption
and suggest that fentanyl overdose deaths among peo-
ple without a known history of opioid use may be more
common than previously believed.

Evidence of pre-mortem opioid use was common
among all decedents. About half of stimulant-only
decedents had evidence of pre-mortem opioid use, with
little variation by demographics, suggesting a signifi-
cant rate of opioid use even among decedents whose
deaths were not attributed to opioids. About four-fifths
of non-fentanyl opioid decedents had evidence of
pre-mortem opioid use, again with little variation by
demographics or involvement of stimulants in death. In
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contrast, evidence of pre-mortem opioid use varied by
age and race for all fentanyl decedents. In fact, among
stimulant-fentanyl decedents, older age was indepen-
dently associated with no evidence of pre-mortem opi-
oid use. This finding is unlikely to be explained by the
sampling framework of decedents who had received
safety net care, as older decedents should have more
well-documented medical histories. Instead, these
results suggest that older persons who use drugs may
be at particularly high risk for fentanyl overdose death
due to unintentional or recent onset use.

If additional investigations confirm that a sub-
stantial proportion of fentanyl decedents were not
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intending to use an opioid at the time of their death,
overdose prevention messaging and outreach efforts
would need to be significantly altered to focus more
directly on people who use non-opioid drugs. Aggres-
sive promotion of naloxone for people who use non-
opioid drugs should be considered. Public health
authorities might also consider, for example, empha-
sizing drug checking interventions, including fentanyl
test strips that overcome problematic false positive
results, as well as mass spectroscopy and related pro-
grams to track the prevalence of different substances
in the drug supply.

Limitations

There are several limitations to this hypothesis-gen-
erating study. First, we relied upon data from clini-
cal care, which may be incomplete. In addition, only
a small number of deaths were due to fentanyl only,
limiting the ability to interpret that category of results.
Furthermore, clinical data of pre-mortem opioid use
does not confirm intentional use of fentanyl on the day
of death. Fentanyl use may have been initiated recently
and thus not detected clinically. Moreover, fentanyl
is often smoked in San Francisco, which may not be
as clinically apparent due to fewer injection-related

complications [9]. Nonetheless, the close concord-
ance of our findings with previous findings that 85%
of overdose decedents had evidence of problematic
use [8] suggests some generalizability to these results.
Finally, the results of a similar analysis may have dif-
ferent implications in a region, such as the eastern
USA, where fentanyl and other opioids are indistin-
guishable and commonly mixed.

Conclusions

In this exploratory study, we found significantly less evi-
dence of pre-mortem opioid use in the medical records
of people who died from acute fentanyl toxicity, com-
pared to other opioid toxicity, in San Francisco. These
findings heighten the urgency to definitively establish
the proportion of persons who died from fentanyl over-
dose who were not intending to use an opioid at all.

Acknowledgements This project was supported by NIDA
grant K24DA042720 and CDC grant RO1CE003364.

Appendix

Table 2 Characteristics of stimulant and opioid decedents in and out of safety net care

Received safety net care in 3 years

preceding death (N=506)

Did not receive safety net care in 3 years p-value
preceding death (N=788)

Age in years (median, IQR) 53 (43-60)
Female sex 133 (26%)
Hispanic/Latinx 67 (13%)
Race’
White 269 (53%)
Black/African American 163 (32%)
Other 74 (15%)
Drugs causal in death
Stimulants only 140 (28%)
Stimulants-fentanyl 220 (43%)
Fentanyl only 34 (7%)
Other opioids 112 (22%)
Involvement of a benzodiazepine in death 22 (4%)

47 (35-57) <0.001
115 (15%) <0.001
156 (20%) 0.002

<0.001
472 (67%)
150 (21%)
83 (12%)
<0.001
185 (23%)
342 (43%)
120 (15%)
141 (18%)
40 (5%) 0.55

fAmong the 788 decedents who did not receive safety net care in the 3 years preceding death, 83 (11%) individuals had no recorded

race in vital records
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Table 3 Demographic characteristics, evidence of pre-mortem opioid use, and involvement of a benzodiazepine in death among

deaths that only involved a stimulant (n=140)

Methamphetamine, Methamphetamine and ~ Cocaine, no metham- p-value
no cocaine or opioids cocaine, no opioids phetamine or opioids
(n=83) (n=19) (n=38)
Age in years (median, IQR) 53 (47-60) 56 (47-64) 60 (55-64) <0.001
Female sex 16 (19%) 6 (32%) 7 (18%) 0.48
Hispanic/Latinx 9 (11%) #* * 0.62
Race <0.001
White 48 (58%) * 12 (32%)
Black/African American 17 (20%) 12 (63%) 24 (63%)
Other 18 (22%) * *
Evidence of opioid use in 3 years preceding 42 (51%) 7 (37%) 18 (47%) 0.56
death
Involvement of a benzodiazepine in death 0(0%) 0 (0%) 0 (0%) N/A

“Fields with <5 values were suppressed

Table 4 Demographic characteristics, evidence of pre-mortem opioid use, and involvement of a benzodiazepine in death among

deaths that only involved a stimulant and fentanyl (n=220)

Methamphetamine and Methamphetamine and fen-  Cocaine and fentanyl, no p-value
fentanyl, no cocaine or other tanyl and cocaine, no other =~ methamphetamine or other
opioids (n=114) opioids (n=51) opioids (n=55)
Age in years (median, IQR) 45 (36-52) 54 (41-61) 55 (48-60) <0.001
Female sex 20 (18%) 24 (47%) 18 (33%) <0.001
Hispanic/Latinx 19 (17%) 9 (18%) 6(11%) 0.55
Race <0.001
White 80 (70%) 23 (45%) 19 (35%)
Black/African American 19 (17%) 19 (37%) 32 (58%)
Other 15 (13%) 9 (18%) *
Evidence of opioid use in3 68 (60%) 24 (47%) 31 (56%) 0.32
years preceding death
Involvement of a benzodiaz- 5 (4%) 0 (0%) * 0.46

epine in death

*Fields with <5 values were suppressed
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Table 5 Demographic characteristics, evidence of pre-mortem opioid use, and involvement of a benzodiazepine in death among
deaths that only involved another opioid (not fentanyl) (n=112)

Other opioid, no meth- Other opioid and Other opioid and Other opioid and p-value
amphetamine, cocaine, methamphetamine, no cocaine, no metham- methamphetamine and
or fentanyl (n=34) cocaine, or fentanyl phetamine or fentanyl  cocaine, no fentanyl
(n=37) (n=23) (n=18)
Age in years 58 (45-64) 54 (46-60) 57 (50-62) 56 (47-62) 0.46
(median, IQR)
Female sex 10 (29%) 10 27%) 6 (26%) 11 (61%) 0.052
Hispanic/Latinx 7 (21%) * * * 0.27
Race 0.13
White 21 (62%) 22 (59%) 11 (48%) 6 (33%)
Black/African 7(21%) 10 (27%) 7 (30%) 11 (61%)
American
Other 6 (18%) 5 (14%) 5 (22%) *
Evidence of opioid use 28 (82%) 28 (76%) 20 (87%) 16 (89%) 0.65
in 3 years preceding
death
Involvement of aben- 5 (15%) * * 0 (0%) 0.38

zodiazepine in death

*Fields with <5 values were suppressed

Table 6 Proportion of decedents with evidence of pre-mortem opioid use by substances involved in death and demographics

(n=506)

Stimulant only (n=140)

N (%) with evidence of
pre-mortem opioid use

Stimulant + fentanyl (n=220)
N (%) with evidence of pre-

mortem opioid use

Fentanyl only (n=34)

N (%) with evidence of
pre-mortem opioid use

Other opioids (n=112)

N (%) with evidence of
pre-mortem opioid use

Age in years
Median (IQR)
<40
40-59
>60

Sex
Female
Male

Race
White
Black
Other race

Ethnicity
Hispanic/Latinx
Not Hispanic/Latinx

Involvement of a
benzodiazepine in
death

54 (48-60)
8 (57%)

39 (51%)

20 (41%)

15 (52%)
52 (47%)

29 (45%)
27 (51%)
11 (48%)

6 (50%)
61 (48%)
0 (0%)

46 (37-56)
39 (70%)
65 (54%)
19 (44%)

34 (55%)
89 (56%)

75 (61%)
38 (54%)
10 (36%)

17 (50%)
106 (57%)
7 (100%)

40 (34-57)
11 (65%)
8 (89%)

*

*

18 (62%)

16 (70%)

*

*

5 (63%)
17 (65%)

*

56 (48-62)
10 (67%)
49 (84%)
33 (85%)

32 (86%)
60 (80%)

48 (80%)
27 (77%)
17 (100%)

11 (85%)
81 (82%)
7 (64%)

*Fields with <5 values were suppressed
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Table 7 Results of multivariable logistic regression analysis
of demographic characteristics associated with evidence of
opioid use in 3 years preceding death among stimulant-fenta-

nyl decedents (n=220)

Adjusted 95% p-value
odds ratio confidence
(AOR) interval
Increase in 10 years 0.74 0.59-0.94  0.013
of age
Male sex 0.99 0.53-1.85 0.98
Race
White Ref Ref Ref
Black/African American 0.75 0.39-143 0.38
Other race 0.36 0.15-0.87  0.023
Hispanic/Latinx 0.66 0.30-1.45 0.30

Table 8 Results of multivariable logistic regression analysis
of demographic characteristics associated with evidence of
clinical history of opioid use in 3 years preceding death among

fentanyl deaths (n=254)

Adjusted 95% p-value
odds ratio confidence
(AOR) interval
Increase in 10 years 0.75 0.60-0.92  0.007
of age
Male sex 1.00 0.55-1.8 0.99
Race
White Ref Ref Ref
Black/African American 0.73 0.40-1.36 0.33
Other race 0.36 0.16-0.79 0.011
Hispanic/Latinx 0.72 0.35-1.47  0.37
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